Makara Journal of Science
Volume 23
Issue 2 June

Article 3

6-20-2019

Extraction of “Quercetin-Rich” Red Onion Skin with Acetone and
Chemical Modification using Aromatic Diazonium Salts
Gervais Manizabayo
Department of Pure and Industrial Chemistry, University of Port Harcourt, Nigeria

Uche John Chukwu
Department of Pure and Industrial Chemistry, University of Port Harcourt, Nigeria,
uche.chukwu@uniport.edu.ng

Ovi Julius Abayeh
1. Department of Pure and Industrial Chemistry, University of Port Harcourt, Nigeria. 2. World Bank Africa
Centre of Excellence for Oilfield Chemicals Research, University of Port Harcourt, Nigeria.

Follow this and additional works at: https://scholarhub.ui.ac.id/science

Recommended Citation
Manizabayo, Gervais; Chukwu, Uche John; and Abayeh, Ovi Julius (2019) "Extraction of “Quercetin-Rich”
Red Onion Skin with Acetone and Chemical Modification using Aromatic Diazonium Salts," Makara
Journal of Science: Vol. 23 : Iss. 2 , Article 3.
DOI: 10.7454/mss.v23i2.11045
Available at: https://scholarhub.ui.ac.id/science/vol23/iss2/3

This Article is brought to you for free and open access by the Universitas Indonesia at UI Scholars Hub. It has been
accepted for inclusion in Makara Journal of Science by an authorized editor of UI Scholars Hub.

Makara Journal of Science, 23/2 (2019), 79-86
doi: 10.7454/mss.v23i2.11045

Extraction of “Quercetin-Rich” Red Onion Skin with Acetone and Chemical
Modification using Aromatic Diazonium Salts
Gervais Manizabayo1, Uche John Chukwu1*, and Ovi Julius Abayeh1, 2
1. Department of Pure and Industrial Chemistry, University of Port Harcourt, Nigeria
2. World Bank Africa Centre of Excellence for Oilfield Chemicals Research, University of Port Harcourt, Nigeria
*

E-mail: uche.chukwu @uniport.edu.ng

Received October 23, 2018 | Accepted May 15, 2019

Abstract
The extraction of “quercetin-rich” red onion skin (red onion skin extract [ROSE]) using acetone and chemical
modification with aromatic diazonium salts of aniline (AmROSE), 2-aminophenol (APmROSE), and 2-aminobenzoic
acid (ABmROSE) were carried out in this study. The effects of the particle diameter of red onion skin (ROS), volume
of the solvent, and percentage of acetone in the solvent mixture on the extraction yield were investigated. The solubility,
color, melting point, and functional groups present in ROSE before and after modification were also analyzed. The
extraction of ROS using an aqueous solvent of 50% acetone gave the highest percentage extraction yield. In addition to
the C=O, OH, C-O-C, and C-O-H functional groups that were present in both unmodified ROSE (UROSE) and
modified ROSE, Infrared spectra results revealed that all the modifications (AmROSE, APmROSE, and ABmROSE)
showed the presence of N=N and C-N of aromatic azo compounds at 1512–1496 and 1288–1256 cm−1, respectively.
The three modifications were also found to be more soluble than UROSE in all the solvents. The melting point of
UROSE and its modifications was within the range of 78 °C–105 °C, which was lower than that of commercial
quercetin dehydrate P-Q (300 °C–310 °C).
Keywords: acetone, diazonium salt, extraction, quercetin, red onion skin
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Introduction
Onions are regarded as one of the most widely
consumed vegetables across the globe [1]. However, the
outer parts of onions, which are commonly known as
“onion skins,” are usually discarded as waste and may
be a nuisance to the environment especially when
improperly disposed. Red onion skin (ROS) contains the
highest concentration of “quercetin” [2] and other
polyphenolic compounds [3]. In addition to its antioxidative, anti-apoptosis, and anti-inflammatory
properties [4], quercetin has excellent metal chelation
properties similar to other flavonoids [5-9]. The metal
chelating property of quercetin is attributed to the
presence of five hydroxyl groups at positions 3, 5, 7, 3’,
and 4’ and a carbonyl group at position 4 (Figure 1).
The metal chelation properties of quercetin can be
improved by introducing azo (N=N) functional groups
in the structure through a coupling reaction with an
aromatic diazonium salt. This paper reports the
extraction of “quercetin-rich” ROS and the modification
of ROS extract (ROSE) using aromatic amines through
diazotization and coupling processes, respectively. The
proposed reaction mechanism and products for the
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Figure 1. Structure of Quercetin

synthesis of diazonium salt and coupling with
“quercetin-rich” ROSE are shown in Schemes 1 and 2,
respectively.

Materials and Methods
Collection and pretreatment of ROS. ROS was
collected from an oil mill and fruit garden markets in
Port Harcourt, Nigeria. The skins were carefully
selected, thoroughly washed with distilled water, air
dried at ambient temperature, and pulverized into
powder form using an electric grinder. The pulverized
79
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ROS was sieved to generate ROS particles of different
diameters (500, 355, 250, 180, and 125 µm).
Extraction of ROS.
A: Effect of solvent volume on the extraction yield.
The effect of the solvent volume on the extraction yield
was investigated by soaking 20 g of 500 µm diameter
ROS in 150, 200, 250, 300, 350, and 400 mL of 50%
acetone for 48 h at room temperature. The extract was
filtered and concentrated in a water bath set at 50 °C.
ROSE was weighed, and the percentage extraction yield
was calculated and plotted against the volume of the
solvent (Figure 2).
B: Effect of ROS particle diameter on the extraction
yield. The effect of ROS particle diameter on the
percentage extraction yield was evaluated by soaking 20
g of 500 µm diameter ROS into 200 mL of 50% acetone
solvent for 48 h. Subsequently, the solvent soluble
extracts were then filtered and concentrated in a water
bath set at 50 °C. The same procedure was followed for
the extraction of 355, 250, 180, and 125 µm diameter
ROS. The dried ROSE was weighed, and the percentage
extraction yields were calculated and plotted against
ROS size (Figure 3).
C: Effect of percentage of acetone in the solvent
mixture on the extraction yield. The effect of the
percentage (%) of acetone in the solvent mixture on the
extraction yield was determined by soaking 20 g of 355
µm diameter ROS into 300 mL of 100% acetone, 75%
acetone, 50% acetone, 25% acetone, and 0% acetone
(100% water). The extract was filtered and concentrated
in a water bath set at 50 °C until the solvent was fully
evaporated. The dried extract was weighed, and the
percentage of extraction yields was calculated and
plotted against the acetone percentage in the solvent
mixture (Figure 4).
Modification of ROSE.
ROSE was modified using three aromatic diazonium
salts, namely, benzenediazonium chloride, 2-hydroxybenzenediazonium chloride, and carboxybenzenediazonium chloride. These salts were synthesized by the
diazotization reaction of aniline, 2-aminophenol, and 2aminobenzoic acid (Scheme 1).
Synthesis of diazonium salts. The following procedure
was followed to synthesize the three diazonium salts:.
Approximately 1 mL (0.01 mol) of aniline, 1.09 g (0.01
mol) of 2-aminophenol, and 1.37 g (0.01 mol) of 2aminobenzoic acid were each dissolved into 45 mL of
distilled water in three different 250 mL beakers labeled
A, B, and C, respectively. To each beaker, 12 mL of
11.4 M hydrochloric acid was slowly added while
stirring. The resulting solutions were cooled in an ice
bath at 0 °C–5 °C. To each of the aromatic amine
solutions at 0 °C–5 °C, 5 mL of cold NaNO2 (0.01 mol,
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0.7 g) was added dropwise while stirring at a constant
rate. The reaction mixtures were then stirred for another
2–3 min. The resulting solutions were benzenediazonium
chloride (beaker A), hydroxybenzenediazonium chloride
(beaker B), and carboxybenzenediazonium chloride
(beaker C).
The reaction equation for the synthesis of the three
diazonium salts is shown in Scheme 1.
Preparation of modified ROSE (AmROSE,
APmROSE, and ABmROSE). An alkaline solution of
ROSE was first prepared by dissolving 3.02 g of ROSE
into 30 mL of 10% sodium hydroxide solution in a 250
mL beaker. The resulting solution was cooled in an ice
bath at 0 °C–5 °C. The first modification, namely,
aniline-modified ROSE (AmROSE), was prepared by
slowly adding benzenediazonium chloride solution to
the alkaline solution of ROSE while stirring at a
constant rate. The reaction mixture was stirred for
another 15 min to ensure completion of the reaction.
The resulting precipitate was filtered using a suction
filtration apparatus, washed with a small amount of cold
water, and dried at ambient temperature for 5 days.
The same procedure was followed for the synthesis of
2-aminophenol-modified ROSE (APmROSE) and 2aminobenzoic acid-modified ROSE (ABmROSE).
Scheme 2 shows the proposed reaction mechanism and
products for the coupling reaction between “quercetinrich” ROSE and diazonium salts.
Melting point and solubility study of UROSE,
AmROSE, APmROSE, and ABmROSE in different
solvents. The solubility test was carried out by
dissolving 0.01 g of the sample in test tubes containing
5 mL of (i) water, (ii) methanol, (iii) ethanol, (iv)
acetone, (v) ethyl acetate, (vi) hexane, and (vii)
benzene. The test tubes were shaken for 1–2 min, and
the solubility of each of the samples was observed and
recorded. The results for the solubility test are presented
in Table 1.
NH2

+

N2 Cl

X
NaNO2 , HCl

-

X

o

0-5 C, 5 minutes
Where, X= H for Aniline
X=OH for 2-aminophenol
X=COOH for 2-aminobenzoic acid
Scheme 1. General Equation for the Synthesis of
Diazonium Salts from Aniline, 2-aminophenol,
and 2-aminobenzoic acid
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W here X=H for benzenediazonium chloride; X=OH for p-hydrobenzenediazonium chloride ;
X=COOH for p-carboxybenzenediazozium chloride

Scheme 2. Proposed Mechanism and Products Formed from the Coupling Reaction between Quercetin-rich ROSE and an
Aromatic Diazonium Salt

The melting point was determined using a melting point
apparatus (Model no: IA-9000), and the results are
presented in Table 2.
FTIR analysis of UROSE, P-Q, AmROSE, APmROSE,
and ABmROSE. Unmodified ROSE (UROSE),
commercial quercetin dihydrate (P-Q), and modified
ROSEs (AmROSE, APmROSE, and ABmROSE) were
subjected to an FTIR spectro-photometer (Model no:
FTIR-8400S) to ascertain the functional groups present.
The results obtained are shown in Figure 5.

Results and Discussion
Effect of volume of the solvent, acetone percentage,
and ROS particle diameter on the extraction yield.
The extraction yield is dependent on the volume of the
solvent, the percentage of each solvent in the solvent
mixture, and the sample particle diameter. The percentage extraction yield obtained from the extraction of 20 g
of 500 µm diameter ROS using different solvent volumes was observed to increase with increasing solvent
Makara J. Sci.

volume. The extraction yield increased gradually from
2.9% at 150 mL to 12.4% at 300 mL and then sharply
increased to 34.9% at 350 mL of the solvent (Figure 2).
However, when the volume increased from 350 mL to
400 mL, the extraction yield increased only by 5.75%,
which was lower than the 22.7% increase observed from
300 mL to 350 mL of the solvent. At 350 mL, saturation
was attained for the extraction of 20 g of ROS material.
The increase in ROS particle diameter resulted in a decrease in the percentage extraction yield (Figure 3). The
results indicated that the percentage extraction yield
decreased from 8.8% for 125 µm ROSE to 3.7% for 500
µm ROSE. The contact surface between the sample and
solvent decreased as the particle diameter of the sample
increased, thereby lowering the extraction efficiency.
By increasing the acetone percentage in the solvent mixture, the extraction yield gradually increased possibly
due to the polarity of the solvent to attract the ROS extract, which exhibited similar bond polarity [9]. At 50%
acetone/water mixture, the optimum extraction yield
was achieved (Figure 4). This result was in agreement
June 2019  Vol. 23  No. 2
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with the findings of a previous investigation by Do et al.
(2014), who reported the effects of extraction solvent on
the total phenol content of Limnophila aromatica [10].

Figure 2. Effect of Volume of 50% Acetone–water Solvent
Mixture on the Extraction Yield at Ambient
Conditions

Solubility, melting point, and color of UROSE,
AmROSE, APmROSE, and ABmROSE. The results
from the solubility test carried out on both UROSE and
modified ROSE in water, hexane, benzene, acetone,
ethyl acetate, ethanol, and methanol are presented in
Tables 1 and 2. The results showed that UROSE,
APmROSE, and ABmROSE were insoluble in water
and hexane and partially soluble in benzene with the
exception of ABmROSE. All modified ROSEs were
highly soluble in ethyl acetate and soluble in acetone,
ethanol, and methanol. AmROSE was found to be more
soluble than UROSE, APmROSE, and ABmROSE.
Table 2 shows that the melting points of UROSE and all
the modified ROSEs were lower than that of commercial P-Q. This result may be due to the presence of impurities in the extract before and after modification, as
evidenced in the wide range of melting points obtained.
Furthermore, the melting point of APmROSE (105 °C–
110 °C) was higher than that of UROSE, AmROSE, and
ABmROSE possibly because APmROSE has more O-H
functional groups (Figure 6) and more hydrogen bonds
than UROSE and other modifications.
Diazotization of aromatic amines and coupling with
quercetin-rich ROSE. Diazotization of aromatic
amines was carried out in an ice bath below 5 °C. The
resulting diazonium salts were used immediately after
preparation mainly because diazonium salts are highly
unstable above 5 °C [11].

Figure 3. Effect of ROS Particle Diameter on the Extraction Yield at Ambient Conditions

The synthesized diazonium salts were coupled with
ROSE to produce the three modifications, namely,
AmROSE, 2- APmROSE, and ABmROSE. The reaction
between the diazonium salt and ROSE followed the
mechanism of electrophilic aromatic substitution, where
the diazonium salt served as the source of the electrophile.
Given that the hydroxyl groups (OH) are ortho and/or
para directing groups [12], electrophilic substitution
could occur at positions 6 and 8 in ring X and 2’, 5’, and
6’ in ring Y. However, unlike the OH groups in ring Y,
the two OH groups in ring X demonstrated reinforcing
or cooperative directing effects at positions 6 and 8,
making ring X more reactive toward the electrophile
than ring Y.
FTIR spectra of UROSE, P-Q, AmROSE, APmROSE,
and ABmROSE. The FTIR spectra and key functional
groups present in UROSE, commercial P-Q, AmROSE,
APmROSE, and ABmROSE are presented in Figure 5
and Table 3.

Figure 4. Effect of Acetone Percentage in the Acetone–
water Solvent Mixture on the Extraction Yield at
Ambient Conditions
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The results revealed broad peaks at 3402.54, 3325.39,
3394.83, 3433.41, and 3433.41 cm−1, which were possibly due to the presence of phenolic O-H stretch vibrations in UROSE, P-Q, AmROSE, APmROSE, and
ABmROSE respectively [13, 14]. The strong peaks at
1643.41, 1635.23, 1635.69, 1643.41, and 1643.41 cm−1
June 2019  Vol. 23  No. 2
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were most likely due to the presence of C=O stretching
vibrations of aromatic ketone in UROSE, P-Q, AmROSE,
APmROSE, and ABmROSE, respectively [15, 16].
The results also showed the presence of medium peaks
at 1234.48, 1234.48, 1157.33, 1165.04, and 1165.04
cm−1, which were probably due to the presence of C-O-H
and/or C-O-C linkages [15, 17]. All modified ROSEs
(AmROSE, APmROSE, and ABmROSE) displayed
small and weak peaks at 1512.24 and 1496.81 cm−1,
which may be attributed to the N=N stretching vibrations of aromatic azo compounds [17-21]. Furthermore,
AmROSE, APmROSE, and ABmROSE showed peaks
at 1288.49, 1265.35, and 1265.35 cm−1, which may be

83

due to the presence of an aromatic C-N bond from azo
compounds [15, 21, 22].
The two small and weak peaks appearing between 2850
and 2950 cm−1 in the FTIR spectra of UROSE,
AmROSE, APmROSE, and ABmROSE were most likely due to the presence of the C-H stretching vibration of
alkyls [14, 23]. The FTIR spectra of UROSE shown in
Figure 5 revealed the presence of a weak peak at
1504.53 cm−1, which may be attributed to aromatic C=C
stretch vibration [14, 24]. The peaks at 671.25, 802.41
748.41, and 709.83 cm−1 were possibly due to the presence of di-substituted benzene rings in UROSE,
AmROSE, APmROSE, and ABmROSE [25].

Table 1. Solubility and Color of UROSE, AmROSE, APmROSE, and ABmROSE in Different Solvents

Sample/
Water Hexane Benzene
Acetone
Ethyl acetate
Ethanol
Solvent
I
I
PS
S
S
S
UROSE
PS
PS
S
S
HS
HS
AmROSE
I
I
PS
S
HS
S
APmROSE
I
I
I
S
HS
S
ABmROSE
Where S: Soluble; I: Insoluble; PS: Partially soluble; HS: Highly soluble; and HI: Highly insoluble.

Methanol
S
HS
S
S

Table 2. Color and melting point of UROSE, AmROSE, and ABmROSE

Sample

Color

Melting point (°C)

UROSE
AmROSE
APmROSE
ABmROSE
P-Q

Reddish brown
Ox blood
Brown
Dark brown
Yellow

102–105
87–91
105–110
78–80
300–316

Table 3. Major peaks and functional groups present in UROSE, P-Q, AmROSE, APmROSE, and ABmROSE

Ligands
UROSE

P-Q
AmROSE

APmROSE

ABmROSE

Makara J. Sci.

Peaks/Wavenumber in cm−1 (Functional groups)
3402.54 (Phenolic O-H stretch vibration), 2931.90 and 2862.46 (Symmetric and asymmetric C-H
stretch vibration), 1643.41 (C=O stretch vibration), 1504.53 (C=C stretch vibration), 1157.33 (C-OH and/or C-O-C linkages), 671.25 (di-substituted benzene rings).
3325.39 (Phenolic O-H stretch vibration), 1635.69 (C=O stretch vibration), 1597.11 (C=C stretch
vibration), 1234.48 (C-O-H and/or C-O-C linkages).
3394.83 (Phenolic O-H stretch vibration), 2924.18 and 2854.74 (Symmetric and asymmetric C-H
stretch vibration), 1635.69 C=O stretch vibration), 1512.24 (N=N stretching vibrations), 1288.49
(Aromatic C-N bond), 1157.33 (C-O-H and/or C-O-C linkages), 802.41 (di-substituted benzene
rings).
3433.41 (Phenolic O-H stretch vibration), 2862.46 and 2924.18 (Symmetric and asymmetric C-H
stretch vibration), 1643.41 C=O stretch vibration), 1512.24 (N=N stretching vibrations), 1265.35
(Aromatic C-N bond), 1165.04 (C-O-H and/or C-O-C linkages), 748.41 (di-substituted benzene
rings).
3456.55 (Phenolic O-H stretch vibration), 2854.74 and 2924.18 (Symmetric and asymmetric C-H
stretch vibration), 1635.69 C=O stretch vibration), 1496.81 (N=N stretching vibrations), 1257.63
(Aromatic C-N bond), 1157.33 (C-O-H and/or C-O-C linkages), 709.83 (di-substituted benzene
rings).
June 2019  Vol. 23  No. 2
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Figure 5. FTIR Spectra of UROSE, AmROSE, APmROSE, ABmROSE, and P-Q
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Figure 6. OH Group Peak Intensity for UROSE, APmROSE, ABmROSE, and AmROSE

Analysis of O-H peak intensity. Figure 6 shows the
peak intensity for the O-H functional group present in
ROSE before and after modification.
Semi-quantitatively, the O-H peak intensity increased
from 0.572 for UROSE to 0.586 for APmROSE and
decreased from 0.572 for UROSE to 0.318 and then to
0.26 for ABmROSE and AmROSE. The increase in the
O-H peak intensity for APmROSE was probably due to
the presence of the OH functional group at the ortho
position of 2-aminophenol.

Conclusion
In this study, ROS was successfully extracted and
modified using aromatic amines. The highest percentage
extraction yield of ROSE was obtained by using an
aqueous solvent system of 50% acetone. The extraction
yield increased with the volume of the solvent and
decreased with increasing ROS particle diameter. FTIR
analysis indicated that P-Q, UROSE, and its
modifications contained OH, C=O, C-O, and C=C
functional groups and the di-substituted benzene ring. In
addition to these functional groups, FTIR analysis
revealed the presence of N=N and C-N bonds of azo
compounds in all modified ROSEs (AmROSE,
APmROSE, and ABmROSE). The appearance of these
new functional groups and the change observed in the
peak intensity of key functional groups, color,
solubility, and melting point were used to justify the
success of the modification process.
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